Thirty-one strains of Mycobacterium farcinogenes and M . senegalense were analysed together with twenty-five strains representing ten mycobacterial species. The comparative immunodiffusion technique was employed, using two reference systems, one for M . farcinogenes and the other for M . senegalense. The results indicate that the slow growing M . farcinogenes and the fast growing M . senegalense strains are closely related and can not be separated into two clearly distinct clusters. Both species were closely related to M. fortuitum, including strains designated ' M . peregrinum', but clearly different from other tested mycobacterial species. The serological data are consistent with the classification of M . farcinogenes and M . senegalense, and possibly M . fortuitum, in a single species. The results are discussed within the context of other taxonomic analyses of M . farcinogenes and M . senegalense.
INTRODUCTION
Chamoiseau (1 973) introduced the species Mycobacterium farcinogenes for strains which cause bovine farcy and recognized two subspecies, tchadense and senegalense. Later, he raised these subspecies to species status as M . farcinogenes and M . senegalense, respectively (Chamoiseau, 1979) . Previous immunodiffusion studies have, however, indicated that these species are so closely related that their separation into separate species is questionable (Ridell, 1981 a ; Ridell et al., 1982) .
Immunodiffusion analyses have also shown that M . farcinogenes and M. senegalense have an affinity to M . fortuitum (Ridell et al., 1979 (Ridell et al., , 1982 . The latter species includes strains designated ' M . peregrinum' which is considered a subjective synonym of M. fortuitum (Runyon et al., 1974) . Jenkins et al. (1971) have demonstrated, however, that these two groups of organisms are serologically and chemically different. Recent studies by P. A. Jenkins (personal communication) have furthermore shown that M . senegalense and ' M . peregrinum' strains are very similar with respect to lipid patterns.
In the present study, strains of M . farcinogenes and M . senegalense were analysed together with other mycobacteria using the immunodiffusion technique to try to determine the taxonomic status of these two taxa and their relationship to M . fortuiturn and ' M . peregrinum'. 
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Absorption of sera. The sera were diluted 1/2 with phosphate-buffered saline and mixed with equal volumes of heterologous antigen preparations. The mixtures were kept for 2 h at 37 "C and for 2 h at 4 "C, and subsequently centrifuged at 30000 g for 15 min. The supernatants were used as absorbed sera. The following two absorbed sera were obtained : absorbed serum A = antiserum against M . farcinogenes (GA923) absorbed with an antigen preparation from M . senegalense (GA786); absorbed serum B = antiserum against M . senegalense (GA918) absorbed with an antigen preparation from M . farcinogenes (GA923).
Serological technique. The analyses were carried out by means of a microplate modification (Wadsworth, 1962 ) of Ouchterlony's immunodiffusion technique.
Tables 2 and 4 give the numbers of precipitinogens identified by means of the reference systems (see Ridell, 1975; Baker et al., 1979) . Thus, the total number of precipitates obtained by the reaction between the test strain preparations and the reference antisera is not indicated in the Tables. The precipitinogens of the reference systems were labelled a, b, c, etc. Each letter refers only to the reference strain in question. Thus, the precipitinogen of the M . fhrcinogenes reference strain labelled a is not identical with precipitinogen a of M . senegalense.
RESULTS
The 56 mycobacterial strains were analysed by comparative immunodiffusion technique, employing the two reference systems for M. farcinogenes and M . senegalense (Tables 2-5) . Table 2 gives the number of precipitinogens identified in the test strains when the M. farcinogenes reference system was employed. Four to eight precipitinogens were identified in the 15 tested M. farcinogenes strains; most of them (1 1 strains) shared six to eight precipitinogens with the reference strain. Three, four or five precipitinogens were identified in the four M. fortuitum strains, and from two to six precipitinogens were identified in the strains designated ' M . peregrinum'. In the 15 M. senegazeme strains, from three to seven precipitinogens were identified; most of them (13 strains The presence of the eight precipitinogens (a-h) of the M . farcinogenes reference strain in the tested strains is shown in Table 3 were revealed in about half or more of the strains of this species. The precipitinogens c, e andf were not demonstrated in any of the remaining 13 mycobacterial strains and only a limited number of them contained the precipitinogens a, b, d, g, and h. Table 4 gives the number of precipitinogens identified in the test strains when the M . senegalense reference system was employed. Three to seven precipitinogens were identified in the 16 M. farcinogenes strains and two to six in the 4 M. fortuitum and the 8 'M. peregrinum' strains. In the M . senegalense strains, the number of identified precipitinogens varied from two to eight, most of them (9 strains) sharing six, seven or eight precipitinogens with the reference strain. In the three strains representing M. parafortuitum, M. phlei and M . smegmatis, three precipitinogens were revealed and in the remaining nine strains (representing M. auium, M . bovis var BCG, M . kansasii, M . microti, M . scrofulaceum, M . smegmatis and M . vaccae), only up to two were revealed.
The presence in the test strains of the eight precipitinogens (a-h) of the M . senegalense reference system is given in Table 5 . The precipitinogens a, b, c, d, e, g , and h, but notf, were identified in most of the M. farcinogenes strains and in some of the M . fortuitum strains. Half or more of the 'M. peregrinum' strains also contained the precipitinogens a, b, d , e, g , and h, but only 13% contained c, and none containedf. The precipitinogens a, b, c, d, e, g, and h were identified in most strains of M. senegalense, but f only in some of them. The precipitinogens c, d, e, and f were not proven in any of the remaining 13 mycobacterial strains, and only some of them contained b, g , and h. The precipitinogen a was, however, identified in most of these 13 mycobacterial strains. Table 6 gives the percentage of strains in each species or group of species which reacted with the absorbed sera A and B, forming one or possibly more precipitates. Most strains of M. farcinogenes, ' M . peregrinum' and M . senegalense reacted with both serum A and B. Some of the M. fortuitum strains reacted also with these sera. None of the seven strains of M. avium, M . kansasii, M . scrofulaceum and M . phlei, however, reacted with either of the two absorbed sera.
DISCUSSION
The comparative immunodiffusion technique has been used by several investigators in taxonomic analyses of mycobacteria, and the results of these studies have contributed to the solution of several taxonomic problems (e.g., Stanford & Grange, 1974; Weiszfeiler & Karczag, 1976; Lind et al., 1980) . The present author has analysed mycobacteria, nocardiae and rhodococci by means of this technique (Ridell, 1974, 19816) and has referred strains which shared all, or all but one or two, of the demonstrated precipitinogens to the same species.
The results of the present study demonstrate that strains of M. farcinogenes, M. senegalense, M . fortuitum, and ' M . peregrinum' are serologically similar and difficult to separate. The similarity between certain strains of M. farcinogenes and M . senegalense is particularly evident, 6 18
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For example, when the M. farcinogenes reference system was used, 6 or more of its precipitinogens were found not only in 1 1 of the 15 test strains of M. farcinogenes but also in 7 of the 15 M. senegalense strains. When the M. senegalense reference system was used, a corresponding result was obtained. Six or more of the M. senegalense precipitinogens were found in 6 M. farcinogenes strains and in 9 M. senegalense strains. Very high similarity was also revealed between the 'M. peregrinum' and M . senegalense strains. The latter result concurs with the findings of P. A. Jenkins (personal communication) , who demonstrated that these two taxa had lipid patterns consistent with their assignment to a single species. In conclusion, it can be stated that strains designated M. farcinogenes, M. senegalense, M . fortuitum or ' M . peregrinum' have a close serological relationship with both reference strains. The results point to the possibility that strains of M. farcinogenes and M . senegalense, and possibly M . fortuitum, (including ' M . peregrinum') might be classified in a single species. A comparison of the data demonstrates, however, that each reference strain was more serologically related to strains carrying the same species name than to strains of the other species. The result indicates thus that certain differences exist between the nomen-species. The differences are, however, not large enough for the recognition of these strains as distinct species. The result rather indicates a certain disparity among the strains.
In serotaxonomic studies it is of interest to reveal antigens which can be demonstrated in one species but not in another, i.e., antigens which might be species-specific. In the present study, one precipitinogen (c of M. farcinogenes) was only found in the M. farcinogenes strains and another ( f of M . senegalense) was only revealed among the M . senegalense strains. The presence of these antigens does, therefore indicate differences between M. farcinogenes, M. senegalense and M. fortuitum, including the ' M . peregrinum' strains. These specific antigens appeared, however, only in a limited number of strains and their value for classification and differentiation should not be exaggerated. Other precipitinogens might, however, be of greater taxonomic interest, such as e of M. senegalense. This antigen was revealed in practically all strains of M. farcinogenes, M. fortuitum, ' M . peregrinum' and M . senegalense, but not in any of the other tested mycobacteria. Precipitinogen e might, thus, possibly be specific for this group of taxa. The number of tested strains from other taxa was, however, too small to warrant definite conclusions. In addition, it must be stressed that the antigen complexity among mycobacteria as revealed by, e.g., immunoelectrophoresis, demonstrates clearly that there are great difficulties in identifying single species-specific antigens (e.g. Chaparas, 1975; Chaparas et al., 1978) . Each species demonstrates rather an antigenic pattern which is specific.
The results in Table 6 demonstrate that M. farcinogenes, M. senegalense and the two groups of M. fortuitum are closely related and different from the other tested species of Mycobacterium. If the taxa were serologically distinct, one would have expected that considerably more strains of M. farcinogenes than of M . senegalense, M . fortuitum and ' M . peregrinum' would have reacted with anti-serum A (expected to be specific for M. farcinogenes). Likewise many more M. senegalense strains as compared with the other mycobacteria would have reacted with antiserum B (expected to be specific for M. senegalense). It should be mentioned, however, that among the four tested strains designated M. fortuitum only two reacted with serum A and only one with serum B, a result which indicates that M. fortuitum might occupy a position of some distance from the group consisting of M. farcinogenes, M. senegalense and ' M . peregrinum'. The number of tested M. fortuitum strains was, however, too small (only four) to allow a definite conclusion.
The serological results, showing that M. farcinogenes and M . senegalense are closely related, are supported by data from previous studies. Strains of both species have many morphological, physiological and biochemical features in common (Chamoiseau, 1979) and yield almost identical mycolic acid patterns (Ridell et al., 1982) . Furthermore, both of them cause the same disease, the so-called farcy which occurs among cattle in Africa (Chamoiseau, 1979) . It is of interest to note that the M. farcinogenes are slow-growers while the M. senegalense are fastgrowers, indicating that the division of the genus Mycobacterium into slow and fast growing organisms is not distinct.
The similarity between M. farcinogenes, M. fortuitum, ' M . peregrinum' and M . senegalense is also supported by DNA hybridization results. In a recent study, Baess (1982) demonstrated that Serological classiJication of Mycobacteria 6 19 strains of these four species were mutually more closely related to each other than to other fast growing mycobacteria. The homology percentage obtained indicated, however, that they are different enough to be considered as four separate species. Recent results of numerical phenetic classification studies recovered strains of M . fortuitum, M . farcinogenes and M . senegalense in distinct and homogeneous clusters and this result is, therefore, also consistent with their recognition as different species (Ridell & Goodfellow, 1983) . The taxonomic conclusions concerning these organisms are thus contradictory and further studies are, therefore, needed before their systematics can be settled.
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